Bats play an important role in regulating ecosystems, and seasonality has great influence on their reproductive cycle and storage status of bodily energy reserves. Aiming at a better understanding of the dynamics of these processes, male little yellow-shouldered bats (Sturnira lilium) were captured during both the dry and rainy seasons and their reproductive and metabolic patterns were established. Testes were processed histologically for morphometric analysis by light microscopy. Plasma glucose and testosterone concentrations were determined, as well as liver and muscle glycogen, lipids, and protein. Data showed little variation in testicular morphometrical parameters and also in body energy reserves between the seasons evaluated. We conclude that occasional season variations in bodily energy reserves in S. lilium do not seem to present a major influence on testicular morphometry in this species, which may reflect a successful adaptation of S. lilium to its habitats.
Seasonality comprises a set of environmental factors that influence circannual events in animals' lives, such as reproduction and energy metabolism (Taddei 1980; Bauman 1990; Barros et al. 2013) . In general, bats from either temperate or tropical areas may exhibit a reproductive seasonality associated with periods of increased food availability, although some species may not be restricted by this association (Fleming et al. 1972; Wilson 1979; Heideman and Utzurrum 2003; Duarte and Talamoni 2010; Rincón-Vargas et al. 2013) . Energy metabolism, in turn, is highly affected by events of mobilization and storage of energy substrates associated with food availability in the environment and the energy expenditure associated with reproduction (Kunz et al. 1998; Wojciechowski et al. 2007; Srivastava and Krishna 2008) .
Because many temperate bat species undergo a period of hibernation during the winter, another factor influencing reproduction is the reduction in energy expenditure and reproductive events during this period, resulting in the birth of puppies in more favorable times of the year for development (Fleming et al. 1972; Taddei 1980; Toussaint et al. 2010 ). In the tropics, however, the influence of seasonality on the allocation of energy reserves and reproductive events in bats appears to vary among species, mainly according to their feeding habits (McNab 1976; Freitas et al. 2006; Barros et al. 2013) .
Tropical bats have an important role in the ecological balance, and fruit bats are particularly important for their role in seed dispersal, contributing significantly to forest maintenance and regeneration (Passos et al. 2003; Mikich and Bianconi 2005; Mello et al. 2008a Mello et al. , 2008b . Among Neotropical frugivorous species, the little yellow-shouldered bat (Sturnira lilium) has been proven to contribute to the establishment of pioneer species from the Brazilian Atlantic Forest (Marinho-Filho and Vasconcellos-Neto 1994; Mikich 2002) , where it is abundant in fragmented habitats, feeding on fruits from plants in their initial stage of succession (Passos et al. 2003; Almeida et al. 2005; Mello et al. 2008a; Pulchério-Leite 2008) .
Despite its importance for demonstrating an animal's adaptation to the environment and indicating strategies for their conservation, there are only a few studies on seasonal variations in reproductive parameters and energy reserves in Neotropical bats. Therefore, we aimed at evaluating the influence of seasonality on spermatogenesis and energy metabolism in male S. lilium captured in fragments of the Brazilian Atlantic Forest during its markedly different seasons.
MATERIALS AND METHODS
Animals and study area.-The animals were collected in the city of Viçosa, Minas Gerais State, Brazil (20845 0 14 00 S, 42852 0 53 00 W), which has an average elevation of 648.74 m. It is a mountainous region in the Atlantic Forest biome, with a Cwa-type climate (mesothermic, humid with rainy summers and dry winters -Golfari 1975) . The annual averages recorded during the experimental period (2009) (2010) for rainfall, temperature, and relative humidity were, respectively, 0.91 mm, 188C, and 78% in the dry season (April-September) and 7.20 mm, 238C, and 79% in the rainy season (October-March [Meteorological Station, Department of Agricultural Engineering, Federal University of Viçosa, Viçosa, Brazil).
Fourteen specimens of adult male S. lilium were captured during 2009 and 2010, in the dry season (n ¼ 7) and in the rainy season (n ¼ 7). The animals were captured at nightfall, using mist nets near their roosts. Adult animals were identified based on the fusion of the epiphyseal cartilage of the 4th finger, at the metacarpal-phalangeal junction, according to Kunz and Anthony (1982) . The captures were authorized by the Brazilian Institute of Environment and Renewable Natural Resources (IBAMA-MG-139/06-NUFAS-MG) and the State Institute of Forests in Minas Gerais (IEF-MG-121/06). The present study was evaluated and approved by the Ethics Commission of the Federal University of Viçosa, document 93/011. All the procedures on animal care and use followed guidelines approved by the American Society of Mammalogists (Sikes et al. 2011) .
The bats were placed in cages that were protected from light. A diet composed of papaya and water ad libitum was offered to the animals from the time of their capture up to their euthanasia in the laboratory, which occurred on the day following the night of the capture. The animals were euthanized by decapitation and their blood was quickly collected into heparinized tubes, which were stored at À208C for further analysis of plasma glucose and testosterone. Animals were weighed and the tissues of interest were collected for histological processing and determination of metabolic parameters.
Histological processing.-Testes were fixed by immersion in Karnovsky solution (Karnovsky 1965) for 24 h and transferred to 70% ethanol. The tunica albuginea from one of the testes was removed and weighed. Its mass was subtracted of the testicular mass to calculate the mass of testicular parenchyma (Morais et al. 2013a) .
Testicular fragments were dehydrated in an increasing ethanol series, and embedded in glycol methacrylate (Historesin; Leica Microsystems, Nussloch, Germany) for morphological and morphometric analysis under light microscopy. The fragments were sectioned into 3-lm-thick slices in a sequential manner, using a rotating microtome (Leica RM2155; Leica Microsystems, Nussloch, Germany). Preparations were stained with 1% toluidine blue-sodium borate (Merck, Darmstadt, Germany) and morphometric analyses were made using a Olympus BX-40 photomicroscope (Olympus, Tokyo, Japan) and Image-Pro Plus software (Media Cybernetics, Inc., Rockville, Maryland).
Testis morphometry.-The gonadosomatic index (GSI) was obtained using the formula: GSI ¼ GW/BW 3 100, where GW is total gonadal weight and BW is body weight. The percentages of testis represented by seminiferous tubules and intertubule were obtained by counting 3,520 points projected onto 10 images captured in histological slides per animal, at a magnification of 1003. The tubule somatic index (TSI) was calculated for quantifying the investment in seminiferous tubules in relation to corporal mass, by the formula TSI ¼ STV/ BW 3 100, where STV is seminiferous tubule volume and BW is body weight. The STV (ml) was calculated from the percentage of the testis they occupy and from the volume of the testicular parenchyma. The tubular diameter and the height of the seminiferous epithelium per animal were obtained by measuring 20 random transverse sections of seminiferous tubules that displayed the most circular shape.
The average diameter of the Leydig cell nucleus was obtained by counting 30 cells per animal, choosing the ones with the most spherical nuclei and evident nucleoli. The Leydig cell volume was estimated by adding the nuclear volume (4/3 pR 3 , where R ¼ nuclear diameter/2) and cytoplasmatic volume (% cytoplasm 3 nuclear volume/% nucleus). The number of Leydig cells in the testis was estimated from the Leydig cell individual volumes and the total volume occupied by Leydig cells in the testicular parenchyma. This value was divided by the gonadal weight, to estimate the number of Leydig cells per gram of testis.
Plasma glucose and testosterone.-Plasma glucose concentrations were determined by the glucose-oxidase enzymatic method using the GLUCOX-500 colorimetric kit (DOLES, Goiânia, Brazil). Plasma testosterone concentrations were obtained by chemiluminescence using the Access Testosterone kit (Beckman Coulter, Inc., Brea, California), and readings were performed on a Beckman Coulter-Access 2 (Beckman Coulter, Inc.).
Liver and breast muscle glycogen determinations.-Liver and breast muscle glycogen concentrations were obtained from portions of these tissues (200 mg) placed in 2 ml of KOH (30%) for 24 h. Samples were hydrolyzed in a boiling water bath for 1 h and drops of Na 2 SO 4 were subsequently added. Samples were then centrifuged at 2,000 rpm for 10 min, and the supernatant was discarded. Glycogen concentrations were determined by the colorimetric method according to Sjörgren et al. (1938) .
Determinations of total lipid concentration and adiposity index.-For total lipid determination, adipose tissue (abdominal and subaxilar areas), liver, breast, and limb muscles (forelimbs and hind limbs; ! 200 mg from each tissue) were homogenized in a chloroform-methanol solution (2:1), according to Folch et al. (1957) . After extraction, total lipid concentrations were determined gravimetrically. Adiposity index was obtained by dividing the adipose tissue mass (g) by the individual body mass (g).
Determination of carcass total fatty acids.-Carcass fatty acids were established after removal of the aforementioned tissues and the digestive tract from its terminal esophagus section to the anus. Carcasses were completely digested (4-6 days) in 100 ml of KOH (6 N), filtered, and added to the same volume of absolute alcohol, yielding a KOH-ethanol (50% volume / volume) solution. A sample of this solution (20 ml) was washed 3 times with 40 ml of petroleum ether and the superior phase was suctioned through a vacuum pump. The solution was acidified with 5 ml of H 2 SO 4 and subjected to extraction by chloroform with 3 times the final volume. An aliquot of 50 ml of this phase was used to determine the total fatty acids by the gravimetric method (Folch et al. 1957) .
Determination of total protein.-For total protein determination from liver and muscle (breast and limbs), a known portion of these tissues was homogenized in saline (NaCl 0.9%) and protein was determined by a colorimetric method, using the BCA kit (PIERCE, Rockford, Illinois).
Statistical analysis.-After performing the tests of homogeneity (Levene) and normality (Shapiro-Wilk), the averages for the testicular morphometry and metabolic parameters between the dry and rainy seasons were compared using Student's t-test for independent samples (parametric data) or Mann-Whitney test (nonparametric data; STATISTICA 7.0; STATISTICA, StatSoft, Tulsa, Oklahoma). Results were expressed as mean 6 SD, with a significance level of 5% (P , 0.05).
RESULTS
Data obtained from testicular evaluations of S. lilium captured during the dry and rainy seasons are shown in Table  1 . Considering both seasons, the animals had an average body mass of 23 g and testicular mass of 0.06 g, leading to a GSI of 0.27%. The testicular parenchyma is about 85% seminiferous tubules (Fig. 1a) , with the remaining 15% represented by the intertubule (Fig. 1b) . In the same way, seminiferous tubule diameter, seminiferous epithelium height, and TSI showed no significant differences between seasons. Unlike the other variables, Leydig cells showed an increase in volume, which was higher in the rainy season compared to the dry season. Nuclear diameter and the number of Leydig cells in the testis or per gram of testis did not show any variations between seasons, as well as did plasma testosterone concentrations (Table 1) .
Plasma glucose, muscle and liver glycogen, lipids, and protein concentrations are summarized in Table 2 . Breast muscle glycogen levels were higher in the rainy season, but lipid concentrations in adipose tissue, liver protein, and the adiposity index showed higher values in the dry season. The values for blood glucose, liver glycogen, liver and muscle lipids, carcass fatty acids, and muscle protein showed no significant changes in bats captured in different seasons.
DISCUSSION
This is the 1st study to evaluate reproductive activity associated with energy metabolism of male S. lilium, which was intended to better understand the physiology and reproduction of this species and its adaptation to the environment.
The animals in this study showed body and gonadal masses similar to those previously described for the species (Reis et al. 2007 ). The percentage of testicular parenchyma in S. lilium represented by seminiferous tubules and the intertubule, as well as the average diameter of the seminiferous tubules and the height of the seminiferous epithelium observed, were similar to the numbers described for the great fruit-eating bat (Artibeus lituratus) and the insect-eating Pallas's mastiff bat (Molossus molossus-Miranda 2012; Morais et al. 2013a) , and were within the range previously reported for other mammals (França and Russell 1998) .
The increased GSI and TSI found here when compared to mammals other than bats, such as the African lion (Panthera leo) and the crab-eating fox (Cerdocyon thous-Barros et al. Different letters on the same line show significant difference (P , 0.05).
2006; Caldeira et al. 2010 ), reinforce the trend described by Kenagy and Trombulak (1986) for increased investment in sperm production in smaller animals. Higher GSI and TSI also were observed in other bat species (Miranda 2012; Morais et al. 2013a) .
Despite the large volume of Leydig cells observed in S. lilium captured during the rainy season, the absence of significant seasonal variation in plasma testosterone is in agreement with Ewing et al. (1979) , where the authors stated that variations in testosterone secretion result more from differences in the individual capacity of Leydig cells to secrete testosterone than from differences in their total volume. Similarly, no differences were observed for the number of Leydig cells in the testis or per gram of testis in animals captured during either season. Taking both seasons together, the number of Leydig cells per gram of testis in S. lilium was greater than that observed in M. molossus and A. lituratus (Miranda 2012; Morais et al. 2013b) .
The rainy season is usually the time when reproductive events are concentrated for tropical bats, especially births, because it is a period of ready food availability (Racey 1982 2011). However, it is probable that S. lilium has no problem finding food, because of the relative abundance of food throughout the year. This species has a strong feeding preference for the fruits of the Solanaceae family, followed by other families such as Piperaceae, Cecropiaceae, and Moraceae (Giannini 1999; Passos et al. 2003; Almeida et al. 2005; Mello et al. 2008a) . Solanaceous trees have a prolonged fruiting period-around 8-10 months a year (Marinho-Filho 1991) . Mainly for this reason, it was demonstrated that this is the predominant food in the diet of S. lilium during the dry season, and Piperaceae fruits are more likely to be consumed during the rainy season, when there is also the possibility of complementing the diet with arthropods to supply protein energy demands (Gardner 1977; Herrera et al. 2001) . The little variation observed in this study regarding reproductive and metabolic parameters throughout the dry and rainy seasons seems to be associated with the abundance of food resources throughout the year, whereas the availability of food in the environment can significantly influence the metabolic patterns of bats (Freitas et al. 2006 (Freitas et al. , 2010 Pinheiro et al. 2006; Gomes 2008; Barros et al. 2013) .
The lack of fluctuations in blood glucose levels throughout the year is a good indicator of the animals' physiological state (Korine et al. 1999) , and corroborates the pattern found in other species of fruit bats ), blood-eating bats (Freitas et al. 2006; Gomes 2008) , and insect-eating bats (Srivastava and Krishna 2008; Freitas et al. 2010) .
The increased breast muscle glycogen concentrations observed in animals captured during the rainy season might be associated with the fact that the animals are using the nutrients from their diet to invest in flight, because this substrate in breast muscle is mainly used for energy expenditure by the muscle itself, as previously described for frugivorous and nectarivorous bats (Yacoe et al. 1982; Welch et al. 2008; Suarez et al. 2009; Amitai et al. 2010) .
Concerning lipid reserves, the decreased concentrations of lipids in adipose tissue and the lower adiposity index found in the rainy season are consistent with the largest investment in reproductive events being during this period (Kunz et al. 1998; Srivastava and Krishna 2008; Kaku-Oliveira et al. 2010; Bernardi 2011) . Another hypothesis that could explain the observed lipid mobilizations is based on the fact that these animals often forage under light rain, which causes an accumulation of water under their hair, increasing their energy expenditure for maintenance of thermoregulation during this period (Voigt et al. 2011) . The higher adiposity index observed in S. lilium in the dry season was similar to the increase observed in this parameter in M. molossus during the fall (Barros et al. 2013) . Increased body fat reserves in the fall also were observed in the common pipistrelle bat (Pipistrellus pipistrellus- Arévalo et al. 1990 ) and Geoffroy's trident leafnosed bat (Asellia tridens- Amichai et al. 2013) .
Protein reserves showed little variation. The decreased concentrations found in the livers of animals captured during the rainy season might be associated with a lower intake of insects during this season, given the abundance of fruit in this period (Marinho-Filho 1985; Giannini 1999; Mello et al. 2008a) . Additionally, the larger volume of Leydig cells observed in the rainy season may indicate protein mobilization to supply the energy requirements related to reproductive events (Srivastava and Krishna 2008) .
In conclusion, bats in this study demonstrated continuous storage of energy reserves and a constant reproductive pattern throughout the year, whereas 5 of 25 parameters analyzed showed seasonal variations. This pattern seems likely due to an abundant availability of food and to a successful adaptation of S. lilium to the habitats where they were collected, despite the increasing fragmentation of these environments.
